The depressive symptoms have been associated with increased disabilities, and the depressive symptoms-related elevation of high C-reactive protein (CRP) has been proposed as a possible mechanism. We examined the relations between CRP and depressive symptoms among the middle-aged and elderly in China.
Background
Recently, depressive symptoms have become an important public health concern in general population in most countries. The Chinese population has begun aging and will continue to age rapidly in the future. In China, the prevalent of depressive symptoms is highly prevalent in elderly people, [1] [2] [3] and lead to increased risk of disabilities and mortality associated with chronic diseases. [4, 5] The underlying mechanisms for depressive symptoms in elderly people remain unclear, but it is also possible that depressive symptoms may affect the development of chronic diseases through high sensitivity C-reactive protein (CRP). Depressive symptoms promote and maintain inflammatory responses by diminishing the immune system sensitivity. [6] Several previous studies have examined the relationship between CRP and depressive symptoms. [7] However, the relationship between CRP and depressive symptoms is controversial, with several studies showing positive or null associations. Elovainio et al [8] conducted a study to investigate the correlation between depression and CRP in a representative sample of adults aged ≥30 years in Finland and found that inflammatory processes may induce depressive symptoms in men. Using a cross-sectional dataset of 641 healthy adults people aged 20 to 70 years enrolled at American Fallon Healthcare System, Ma et al [9] found that depression was correlated to hs-CRP levels in women, but not in men. Another research study conducted by Elovainio et al [10] showed that higher levels of depressive symptoms are associated with higher levels of CRP. Similar evidences of the positive associations have been found in other studies. [11] [12] [13] [14] [15] [16] [17] [18] However, contradictory evidences have been found in several studies. Chaiton et al, [19] Douglas et al, [20] and Au et al [21] found no significance association between CRP and depressive symptoms in the general population.
Much of the literature has been limited by retrospective design and potential uncontrolled confounding. In addition, few studies have examined the association between CRP and depressive symptoms among general population in china. Therefore, this article focused on the relationship between CRP and depressive symptoms among the middle-aged and elderly in China after adjusting for potential confounders.
Methods

Study sample
The 2011 Wave1of China Health and Retirement Longitudinal Study (CHARLS) sample (N = 9459) consists of 46.56% men [M = 60.26 years, standard deviation (SD) = 9.25; range, 45-93 years] and 53.44% women (M = 58.89 years, SD = 9.42; range, 45-96 years) participants; 6.64% and 3.18% of the respondents have completed high school and above vocational school education, respectively. By contrast, 28.83% of the respondents are illiterate or 61.35% received less than elementary school education; 64.72% of the participants live in rural, whereas 35.28% live in urban currently. Table 1 presents baseline characteristics of the sample for all variables in the research, and most variables based on our previous study. [22] 
CRP measures
Venous blood samples were taken by the Center for Disease Control (CDC) station, and then immediately stored frozen at À20°C and transported to the Chinese CDC in Beijing within 2 weeks where they were placed in a deep freezer and stored at À80°C until assay at CMU laboratory. Low-density lipoprotein (LDL), high-density lipoprotein (HDL), and triglycerides were analyzed by the Youanmen Center for Clinical Laboratory at Capital Medical University using the enzymatic colorimetric test, and CRP was measured with immunoturbidimetric assay. We categorized CRP into 4 categories of CRP levels: 1.00, 1.01 to 3.00, 3.01 to 10.00, and >10 mg/L, the categorization has been used widely in previous studies. [17, 23, 24] 
Depressive symptoms measures
The Chinese version of the Center for Epidemiologic StudiesDepression scale (CES-D) with a high reliability and validity has been widely used to measure depressive symptoms among Chinese. [25] [26] [27] [28] It is a self-reported questionnaire that consists of 10 questions. Participants with a score of 10 or higher on the CES-D were classified as depressed. [29] The construct validity was 0.61 and the Cronbach alpha coefficient was 0.80.
Statistical analysis
Our data were used mean ± SD (continuous data) and number and percentage (categorical data) to express. Differences between men and women, or between the depressive symptoms and those with the normal or CRP categories were evaluated by t test or chisquare test, and chi-square test was followed by Bonferroni adjustment. The associations of depressive symptoms and CRP levels were first used binary logistic regression models, as appropriate. Then binary logistic regression models adjusting for 18 potential confounders [age, education, marital status, hukou, residence, cigarette smoking, alcohol drinking, eating meals, activity status, major accidental injury, diseases, health status, physical exercise, systolic blood pressure, LDL, HDL, triglycerides, and body mass index (BMI)] [30] were conducted to examine the odds ratio (OR) for depressive symptoms across a range of CRP. All data were analyzed by using SPSS version 17.0.
Results
The characteristics of our study subjects are shown in Table 1 . 4404 (46.56%) of the participants were men, and 5055 (53.44%) of the participants were women. The average ages of the male and female participants were 60.26 ± 9.25 and 58.89 ± 9.42 years, respectively. Among all of the participants, 6.82% were underweight, 29.35% were overweight, and 11.75% were obese. Furthermore, regarding the men, 7.18% were underweight, 25.48% were overweight, and 8.16% were obese, whereas 6.51%, 32.60%, and 14.64% of the women were underweight, overweight, and obese, respectively. The mean value of the CRP was 2.79 ± 7.80 mg/L. The prevalence of depressive symptoms was 38.49% in the total population, 31.04% in men and 44.99% in women. Significant differences in distribution were observed between men and women in all of the variables, except eating habits, activity status, regular physical exercise, and systolic blood pressure. Tables 2 and 3 show the relationship of various characteristics and BMI in the participants. Only marital status, eating habits, activity status, major accidental injury, and physical exercise were not significantly different between the CRP groups in males (Table 2) , and in females, only education, alcohol consumption, eating habits, major accidental injury, self-report health status, physical exercise, and CES-D categories were not significantly different between the CRP groups (Table 3) . Table 4 shows the To examine the association between CRP and depressive symptoms, we estimated depressive symptoms equation using binary logistic regression. The crude ORs and the associated 95% confidence intervals (CIs) are shown in Table 5 . We controlled for the sociodemographic characteristics (age, education, marital status, hukou, residence), health behaviors (cigarette smoking, alcohol drinking, eating meals, activity status, physical exercise), health conditions (major accidental injury, diseases, health status), systolic blood pressure, and metabolic measures (LDL, HDL, triglycerides, and BMI), the estimation results of the depressive symptoms equation are reported in Table 6 . Compared with baseline CRP levels (CRP 1.00 mg/L), the depressive symptoms are only weakly correlated with CRP levels among women (CRP 1.01-3.00 mg/L: OR = 0.85, 95% CI = 0.73-0.98; CRP 3.01-10.00 mg/L: OR = 1.25, 95% CI = 1.03-1.51; CRP >10 mg/L: OR = 1.41, 95% CI = 1.06-1.88). Several potential confounding factors were associated with CRP. After adjusting for age, sex, education, marital status, hukou, current residence, smoking habit, alcohol consumption, eating habits, activity status, major accidental injury, chronic diseases, health status, physical exercise, systolic blood pressure, LDL, HDL, triglycerides, and BMI, no association between CRP and depressive symptoms were observed in secondary analyses that stratified by sex (male, female).
Discussion
In our study, we investigated the association between CRP and depressive symptoms among the middle-aged and elderly in China. Based on the Chinese version of the CES-D, the prevalence of depressive symptoms was 31.04% in men and 44.99% in women. The prevalence of depressive symptoms was higher compared with previous survey results. In the sample collected from the 1999 and 2003 Surveys of Health and Living Status of the Elderly in Taiwan, [30] the prevalence of depressive symptoms as measured by the CES-D (above the cutoff of 10) was 27.9% in men and 36.2% in women in 2003. The prevalence of depressive symptoms in the Elderly Health Centers between July 1998 to December 2000, in a study conducted in a population aged 65 or older using the Geriatric Depressive Symptoms Scale criteria, was 4.9% in men and 7.9% in women. [31] The rates estimated were slightly higher than the respective rates of 29.2% and 41.1% reported by Woo et al. [32] Such discrepancies between our results and the previous studies may be a result of methodological differences in diagnosis and the healthy worker effect.
In our results a high level of CRP at baseline was associated with depressive symptoms in men, but not in women. However, it was no longer significant after adjustment for sociodemographic characteristics (age, education, marital status, hukou, residence), health behaviors (cigarette smoking, alcohol drinking, eating meals, activity status, physical exercise), health conditions (major accidental injury, diseases, health status), systolic blood pressure, and metabolic measures (LDL, HDL, triglycerides, and BMI). Previous studies have shown that the association between CRP and depressive symptoms is often attenuated by controlling confounders such as BMI. [33] [34] [35] It is likely due to the confounder in the CPR-depressive symptoms relationship. However, most studies support a positive association between CRP and depressive symptoms both in men and women. [11] [12] [13] [14] [15] [16] [17] [18] 36, 37] The mechanisms for the association between CRP and depressive symptoms are unclear, but various hypotheses have been develop to explain the relationship since CRP cannot cross the bloodbrain barrier, and directly affect emotion regulating area in the brain. [21] 
Strengths and limitations
There are several limitations of our study. First, the relationship between CRP-depressive symptoms in the elderly becomes seriously more complex, we only consider the confounders as possible as we can, but there are some unknown factors. Secondly, the relationship between CRP and depressive symptoms should be studied prospectively. Our study investigated depressive symptoms in the mid and elderly participant through a cross-sectional study. Follow-up study was relatively short to comprehensively observe changes in the next step. The last, most of the exposure and outcome measures of the study were based on a subjective report and the self-reported questionnaire. Our study has several strengths. Firstly, the study was based on a nationwide survey. Secondly, we conducted the analyses Table 2 Baseline characteristics in male study population (N = 4404). Table 3 Baseline characteristics in female study population (N = 5055). Table 4 Relationship of various characteristics and depressive symptoms, chi-square test analyses of variance followed by Bonferroni adjustment (N = 9459). according to sex. Thirdly, it is interesting that the study has shown the null result which provides an opportunity to understand the other underlying mechanism between inflammation and depressive symptoms.
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Conclusions
The result recently conducted studies demonstrate a high level of CRP at baseline was associated with depressive symptoms in men, but not in women. However, after adjusting the potential confounders, our data do not support the association between CRP and depressive symptoms in both men and women in China. Paying more attention to the role of CRP in depressive symptoms provides an opportunity to understand the underlying mechanisms between inflammation and depressive symptoms. 
